Understanding the changes in phenotype resulting from the selection pressure and agronomic adaptation of grain yield provide an indication of the pathways for future increases in grain yield. Six dry land representative winter wheat cultivars (Triticum aestivum L.) released from 1942 to 2004 in the Loess Plateau of China were investigated to determine how the yield components of winter wheat were associated with grain yield at the Changwu Agricultural Research Station during the 2011-2012 and 2012-2013 seasons, using a completely randomized block design with three replicates. Plant height, aboveground biomass, grain yield, and yield components were measured, together with the traits of superior and inferior grains and the pre-anthesis stored dry matter remobilized to the grain was determined. In the relatively wet 2011-2012 season, there was a significant increase in grain yield and aboveground biomass with the year of release, but not in the dry 2012-2013 season. The harvest index (HI) and average grain weight (AGW) increased significantly with the year of release in both cropping seasons. HI and AGW are likely potential traits for improving grain yield of winter wheat in the Loess Plateau. The increase in HI mainly resulted from the decrease in plant height, and the increase in the use of pre-anthesis stored assimilates for grain filling. The increase in AGW mainly resulted from the increase in the proportion of superior grain (SG) and the decrease in the proportion of inferior grain (IG) in the whole spike in both cropping seasons. Depending on the climatic conditions, the different winter wheat cultivars showed different ability to use pre-anthesis stored assimilates. Modern wheat cultivars had higher yield under different rainfall conditions, and high ability to use pre-anthesis stored assimilates to fill the grain than earlier released cultivars. Both, the increase in sink capacity and source availability, should be considered as a strategy for increasing future grain yield in Loess Plateau of China.
Introduction
The yield of winter wheat has increased with the release of new winter wheat varieties in the UK from 1972 to 1995 [1] , France from 1946 to 1992 [2] , United States from 1959 to 2008 [3] , Turkey from 1931 to 2006 [4] , Australia from 1958 to 2007 [5] , and Argentina from 1918 to 2011 [6] . Besides breeding progress, agronomic factors have also influenced the genetic gains, e.g., in Germany from 1983 to 2012 [7] . China has also made some progress in increasing the grain yield of winter wheat through the release of varieties in different time periods, at a national scale [8] , and in different regions [9] [10] [11] [12] . Further yield improvement is still the primary target in the Chinese wheat breeding programs, mainly because of the decrease in the size of wheat cropping areas [13] . The Loess Plateau is located in northwest China and covers an area of 0.65 million km 2 , is one of the most important winter wheat production regions, and accounts for 10% of the total national wheat production [14, 15] . This region is listed as one of the areas that are most vulnerable to climate change [16] . The annual precipitation in this region has been found to decrease significantly from 1956 to 2008 [17] . The better understanding of how wheat yield traits respond to climate change may offer useful information on wheat breeding that the adaption to future climate conditions in this region.
The yield of winter wheat integrates two main components, grain number per square meter (GN) and average grain weight (AGW). GN is determined by the spike number per square meter (SN) and the number of grains per spike (GNS). The average grain weight (AGW) is determined by the weight of individual grains located in different spikelets and the positions within the spikelet. Grains are classified as superior and inferior grains depending on the size. The apical spikelet is mainly composed of inferior grains, while the middle and basal spikelets are usually composed of superior grains. In the basal and middle spikelets, the first and second basal grains of each spikelet are detached as superior grains, whereas the most distal grain on the same is an inferior grain [18] [19] [20] . The differences between these two types of grains in the enzyme activity in the conversion of photosynthetic assimilate into starch [18, 21] and hormone levels [22, 23] render the basal grains in the central spikelets (superior grains) heavier than those in the near apical and near basal spikelets (inferior grains). The low individual grain weight of the inferior grains is considered to cause stagnation to increase the grain yield of rice [24] and wheat [25] , because of their influence on grain weight [18, 26] .
Increases in wheat grain yield have been achieved through the selection of winter wheat varieties, but the contribution that GNS, SN, and AGW have made to gains yield is unclear, particularly the contribution of SN and AGW. Studies conducted in the Southern Yellow and Huai valley region [12] , and the Henan Province of China [27] , have shown that the increase in GY (grain yield) is associated with both an increase in GW and SN. Other studies conducted in the Yangtze River Basin [9] , the Henan Province of China [28] , and in Turkey under dryland conditions [4] showed that the increase in GY results from an increase in GW and a decrease in SN. Studies conducted in Spain [29] and Argentina [6] have also shown that the increase in GY resulted, mainly from GN while GW remained unchanged. These differences are presumably associatedwith the different strategies that winter wheat varieties have for enhancing their yield when grown in different environments (Genotype × Environment × Management).
The proposal that SN and AGW compete for nitrogen (N) and carbon (C) assimilates implies that grain filling is source limited, when the rate of increasing grain size exceeds the rate of increasing sink under rainfed conditions [30] or under limited growth conditions [31] . The assumption that SN and AGW do not compete for assimilates [32] implies that a reduction in AGW is the result of increasing either the proportion of grains with low potential grain weight, such as apical grains in middle spikelets and apical spikelets in the spike [33] , usually seem as inferior grains [18, 19] , or of increasing the number of secondary spike tillers [20, 34] . The spikelet and grain positions have a great influence on grain weight [19] . A study conducted in Shaanxi Province in China showed that the increase in grain yield of modern winter wheat varieties mainly came from an increase in grain weight accompanied by increased grain weight in specific grain positions [35] , i.e., superior grains.
Grain yield could be considered as the balance between the supply of carbohydrates (source) and the capacity of the grains to accumulate available carbohydrates (sink) [36] . The sink and source need to match each other to achieve high yield [37] . Optimizing source-sink interactions is critical to improving grain yield if more photosynthesis assimilates are to be transported to and fully used by the sink [38] . If the assimilate supply of the source exceeds the demand of the sink, it may contribute to the growth of organs that do not contribute to yield, resulting in redundancy of source [39] . Conversely, if the rate of supply from the "source" is less than the demand from "sink", then a small sink with inferior characteristics results. Consequently, enhancing the source-sink interactions maintaining assimilate partitioning to reproductive structures for forming the yield without under-investing in roots, stems, and leaves is important in improving the GY of wheat [40] .
Different climate conditions influence the yield formation process and the different wheat varieties have different strategies to adapt the climate conditions. Here, we report a study aimed to determine grain yield and yield components in six dryland representative winter wheat cultivars released from 1942 to 2004. The aim was (i) to elucidate the year's effects (climate conditions) on sink strength, particularly the traits of superior and inferior grains and (ii) to determine if changes occurred with the year of release.
Material and Methods

Location and Site Description
A field study was conducted during the winter wheat successive seasons of 2011-2012 and 2012-2013 at the Chinese Academy of Sciences' Changwu Agricultural Research Station. The site (107 • 40 30 E, 35 • 14 30 N, 1200 m above the sea level) located in a typical area of the semi-arid Loess Plateau of China's Shaanxi Province. The soil at the site is a Cumuli-Ustic Isohumosols [41] , with 4% sand, 59% silt, 37% clay, bulk density of 1.3 g cm −3 , pH 8.4, organic matter content of 11.8 g kg −1 , total N content of 0.87 g kg −1 , 3.15 mg kg −1 mineralized N, Olsen-P of 14.4 mg kg −1 , and NH 4 OAc-extractable K of 144.6 mg kg −1 . The precipitation and temperature during two successive growth seasons are summarized in Figure 1 .
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Material and Methods
Location and Site Description
A field study was conducted during the winter wheat successive seasons of 2011-2012 and 2012-2013 at the Chinese Academy of Sciences' Changwu Agricultural Research Station. The site (107°40'30" E, 35°14'30" N, 1200 m above the sea level) located in a typical area of the semi-arid Loess Plateau of China's Shaanxi Province. The soil at the site is a Cumuli-Ustic Isohumosols [41] , with 4% sand, 59% silt, 37% clay, bulk density of 1.3 g cm −3 , pH 8.4, organic matter content of 11.8 g kg −1 , total N content of 0.87 g kg −1 , 3.15 mg kg −1 mineralized N, Olsen-P of 14.4 mg kg −1 , and NH4OAcextractable K of 144.6 mg kg −1 . The precipitation and temperature during two successive growth seasons are summarized in Figure 1 . 
Plant Material
Six winter wheat varieties: Bima1, Fengchan3, Hanxuan10, Xiaoyan6, Changwu134, and Changhan58, were selected because they were commonly grown during the last six decades (the 1950s and 2000s) in the Loess Plateau of China. The characteristics of the six winter wheat varieties and the year of release are presented in Table 1 . 
Experimental Design and Crop Management
In each growing season (2011-2012 and 2012-2013), six winter wheat cultivars were sown on the 18 th of September in a randomized complete block design with three replicates of each cultivar. The six cultivars were sown in plots 5.0 m long × 3.0 m wide (20 rows, 0.20 m apart) at a rate of 250 seeds m −2 , which is the rate adopted by the local winter wheat growers. The local main winter wheat cultivation patterns were used in each season, which included the application of fertilizer as basal fertilizers without covering the soil during the summer fallow period. Prior to sowing each plot received N as urea at a rate of 150 kg N ha −1 and 180 kg P ha −1 as amended superphosphate. No irrigation was supplied to the plots during the two growing seasons. Seeds of all genotypes were treated with Fludioxonil before seeding. Weeds were controlled by spraying with a Bridal (diflufenican), 200 mL/ha and Select, (clethodim) 250 mL/ha at 49 days after sowing (DAS). Insects were controlled with dimethoate (100 mL/ha) at 35 DAS and Fastac (alpha cypermethrin), 100 mL/ha at 114 DAS.
Sampling and Measurements
The dates of the developmental stages (phenostages) for anthesis and maturity (flag leaves had turned yellow) were recorded for each cultivar [42] . Daily observations were made, and the phenostage was noted when 50% of the plants in each plot had achieved that particular stage. Phenostages were defined using the Zadoks' scale of cereal development [43] . Comparisons among cultivars in each treatment were made in days after sowing.
Aboveground plant material was collected from 1 m 2 area (six adjacent rows of 1 m length) at anthesis (Z64) and at the final harvest of each cultivar for measuring aboveground dry matter (ABDM), grain yield and grain yield components. Sampling sites in each plot were assigned randomly, and there were three replicates per cultivar. The plant material cut at the soil surface and ears were separated from the plant material and counted before being dried at 70 • C for at least 48 h, and weighed. At maturity, the ears were threshed by hand, grain, and chaff re-dried and weighed. Grain number was counted by hand, and the mean individual grain weight was determined for each sample. A total of 50 spikes per plot were selected and labeled when they were on anthesis on the same day. The selected spikes were labeled with small plastic tags and used for measuring the superior and inferior grains, following the method described by Jiang et al. [13] . Briefly, the whole spike was divided into different spikelets, the grains located in the basal 1 to 5 spikelets were classified as superior grains; the first and second basal grains of the basal spikelets 6 to 12 (middle spikelets) were termed superior grains, whereas the third, fourth, and fifth distal grains on the same spikelets were termed inferior grains; the grains located in the top spikelets (13 to more depending on the wheat varieties) were classified inferior grain. The proportion (number) of superior and inferior grain types was estimated by dividing the superior and inferior grain number by the total number of grains per spike. Each spikelet was detached and separately weighed after being dried for 24 h at 60 • C, then the total per spikelet was measured for determining the spikelet weight per spike, the chaff was omitted in determining the spikelet weight. The number of spikelets per spike was counted by manual. Plant height was measured the day before final harvest from the soil surface to the top of the main spike (excluding awns) in each of five plants in each plot.
The difference between the aboveground biomass at anthesis and the final harvest was designated as post-anthesis gain in ABDM. The estimates of pre-anthesis stored dry matter remobilized to the grain were made from the analysis of the relationship between grain yield and the post-anthesis gain in ABDM [44] [45] [46] . This relationship assumes that if no remobilization of pre-anthesis stored dry matter occurred during grain filling, the ratio between grain yield and the gain in post-anthesis dry matter production is 1 [46] . Data points above the 1:1 line indicate that the increase in grain yield was proportionally greater than the gain in the biomass after anthesis, implying that grain yield was supported by pre-anthesis stored assimilates Data points below the 1:1 line indicate that the increase in grain yield was proportionally smaller than the increase in the biomass produced after anthesis, implying that the gain in biomass after anthesis was not converted fully into grain yield.
Drought Index
The drought index (DI) for the annual precipitation was calculated using Equation (1) to assess variations and the status in precipitation among different years [47] :
where P is the annual precipitation, M is the average precipitation, and σ is the standard error for the precipitations. DI is used to distinguish among the wet (DI > 0.35), normal (−0.35 ≤ DI ≤ 0.35), and dry (DI < −0.35) growing seasons [48] . The DI for the annual precipitation indicates that while the 2011-2012 cropping season fell into the "wet" category, the 2012-2013 season was the "dry" category.
Statistical Analysis
The two years were analyzed separately. The cultivar effect (year of release) on traits was assessed by firstly analyzing the data for normality and then by one-way ANOVA using SPSS (15 th edition; VSN International, UK). Where significant treatment effects were identified, least significant difference (LSD) (P = 0.05) are given in the figures and tables. Chronological trends of phenotypic traits were tested using least-square regressions of trait deviation vs. the year of release. The relationship between spikelet number/spikelet weight and grain number per spike/average grain weight was determined by linear regression in SPSS. The frequency of individual grain weight was also fitted to a Gaussian distribution function to test the homogeneity of observations. These procedures were performed using SigmaPlot v. 14.0 software. Experimental error variances were homogeneous (P > 0.05) over environments using Bartlett's test for all traits.
Results
Seasonal Conditions
The long-term annual mean precipitation at Changwu is 580 mm, and more than 60% occurs from June to September (summer fallow period) ( Figure 1 ). There was a large difference in the precipitation during the 2011-2012 and 2012-2013 at the Changwu Agricultural Research Station, particularly during the winter wheat growth period. In the first (2011-2012) season, the total precipitation was 667 mm, of which 190 mm was in the period of fallow and 477 mm was in the winter wheat growing period. In the second (2012-2013) season, the total precipitation was 422 mm, of which 188 mm was during the summer fallow period and 234 mm in the winter wheat growing Agronomy 2019, 9, 612 6 of 20 period. Precipitation in the first growing season was thus atypical and more than 50% of that in the second growing season. The average monthly mean temperature from 2007 to 2013 is 10.0 • C; the average monthly mean temperature in summer fallow and crop growth period is 21.0 • C and 7.8 • C, respectively ( Figure 1 ). In the first (2011-2012) growing season, the monthly average temperature was 9.6 • C, the average monthly mean temperature in summer fallow and crop growth period was 21.3 • C and 6.9 • C, respectively. In the second growing season, the monthly average temperature was 10.4 • C, the average monthly mean temperature in summer fallow and crop growing period was 22.2 • C and 8.5 • C, respectively. On average, the temperature during the second growing season was higher than during the first growing season.
Phenology
Time to maturity was prolonged with the years of winter wheat varieties release ( Table 2 ). The anthesis, maturity date, and grain filling during latest winter wheat cultivar (Changhan58) were significantly longer than that of the earliest winter wheat cultivar (Bima1); however, the difference in phenology in each variety (anthesis, maturity date, and grain filling during) was not significant. Wheat varieties released from 1942 to 2004 flowered earlier 1-2 days of each other, but the difference in time to maturity was prolonged by six days in Bima1 released in 1942 and Changhan58 released in 2004 during the 2011-2012 growing season. The growth period (from sowing to maturity) was shorter in 2012-2013 than in 2011-2012. Bima1 and Hanxuan10 had the earliest maturity in 2011-2012, but Bima1 had the shortest growth period in 2012-2013 among all winter wheat varieties in this study. Bima1  230  269  39  226  261  35  Fengchan3  233  272  39  230  266a  36  Hanxuan10  230  269  39  227  264  37  Xiaoyan6  231  271  40  230  268  38  Changwu134  231  273  42  230  268  38  Changhan58  232  275  43  231  271 
Plant Height
Plant height tended to decline linearly with the year of release in the 2011-2012 season, particularly from 1966 (variety Hanxuan10) to 1981 (variety Xiaoyan6), but in 2012-2013 plant height did not follow any trend with the year of release ( Figure 2 ). Across varieties, the average plant height in 2011-2012 was 25% greater than in 2012-2013. 
Grain Yield, Aboveground Biomass and Harvest Index
On average, the modern varieties had more yield than the older ones in the two cropping seasons. Grain yield in 2011-2012 increased linearly with the year of release, but 2012-2013, it did not follow a trend with the year of release ( Figure 3 ). Across the varieties, the average GY of 6935 kg ha −1 in 2011-2012 was 70% higher than in 2012-2013. The GY of Changhan58 (8742 kg ha −1 ), released in 2004, was the highest while GY of Hanxuan10 (4546 kg ha −1 ), released in the 1970s was the lowest in 2011-2012 season. The GY of Changwu134 (5108 kg ha −1 ) was the highest in the 2012-2013 season while the grain yield of Fengchan3 (3525 kg ha −1 ) was the lowest in GY. Although GY showed no trend with the year of release in 2012-2013, grain yield increased from 3694 kg ha −1 for Bima1 released in 1942 to 4288 kg ha −1 for Changhan58 released in 2004. 
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Yield Components
Average grain weight (AGW) was the only yield component that showed a linear increase with the year of release in both seasons (Table 3 and Figure 6 ). The relationship between GN and GNS with the year of release was not significant (Table 3) , but GN and GNS tended to increase with the year of release, while SN tended to decrease. In the 2011-2012 cropping season, the variety Fengchan3 had the highest GN, while Bima1 had the smallest one, while, in 2012-2013, Changhan58 had the highest GN, followed by Fengchan3, but Bima1 had the smallest one, indicating that there were differences among the winter wheat varieties in the GN response to the different weather conditions. GNS was higher in the 2011-2012 cropping season than in the 2012-2013 and the variety Changhan58 released in 2004 had the highest GNS in each cropping season while Hanxuan10, released in 1966 had the smallest one. There were differences in SN between the two seasons with 729 spikes m −2 in 2011-2012 cropping season, which was more than 50% in 2012-2013. In 2011-2012 cropping season, the AGW fluctuated 39.8 mg for Hanxuan10 released in 1966 to 56.7 mg for Changhan58 released in 2004 with an annual increase rate at 0.281 mg, which was bigger than that of in the 2012-2013 cropping season ( Figure 6 ). 
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Average grain weight (AGW) was the only yield component that showed a linear increase with the year of release in both seasons (Table 3 and Figure 6 ). The relationship between GN and GNS with the year of release was not significant (Table 3) , but GN and GNS tended to increase with the year of release, while SN tended to decrease. In the 2011-2012 cropping season, the variety Fengchan3 had the highest GN, while Bima1 had the smallest one, while, in 2012-2013, Changhan58 had the highest GN, followed by Fengchan3, but Bima1 had the smallest one, indicating that there were differences among the winter wheat varieties in the GN response to the different weather conditions. GNS was higher in the 2011-2012 cropping season than in the 2012-2013 and the variety Changhan58 released in 2004 had the highest GNS in each cropping season while Hanxuan10, released in 1966 had the smallest one. There were differences in SN between the two seasons with 729 spikes m −2 in 2011-2012 cropping season, which was more than 50% in 2012-2013. In 2011-2012 cropping season, the AGW fluctuated 39.8 mg for Hanxuan10 released in 1966 to 56.7 mg for Changhan58 released in 2004 with an annual increase rate at 0.281 mg, which was bigger than that of in the 2012-2013 cropping season ( Figure 6 ). The variety Hanxuan10, released in 1966, had a high frequency of low grain weight in the rank 0.02-0.03 g grain −1 , but did not have the frequency for grain weight in the high grain weight in the range 0.06-0.07 g grain −1 , resulting in the smallest AWG (Figure 7) . In contrast, Changhan58, released in 2004 had a high frequency of high grain weigh in the rank 0.06-0.07 g grain −1 and a low frequency of low grain weight in the rank 0.02-0.03 g grain −1 , resulting in high average grain weight. The modern wheat varieties Changwu134 (released in 1998) and Changhan58 (released in 2004) had a similar grain weight distribution pattern; more grains were within the high weight range (0.06-0.07 g grain −1 ) in both seasons. The increased in AGW mainly resulted from more grains within the high individual grain weight range. The variety Hanxuan10, released in 1966, had a high frequency of low grain weight in the rank 0.02-0.03 g grain −1 , but did not have the frequency for grain weight in the high grain weight in the range 0.06-0.07 g grain −1 , resulting in the smallest AWG (Figure 7) . In contrast, Changhan58, released in 2004 had a high frequency of high grain weigh in the rank 0.06-0.07 g grain −1 and a low frequency of low grain weight in the rank 0.02-0.03 g grain −1 , resulting in high average grain weight. The modern wheat varieties Changwu134 (released in 1998) and Changhan58 (released in 2004) had a similar grain weight distribution pattern; more grains were within the high weight range (0.06-0.07 g grain −1 ) in both seasons. The increased in AGW mainly resulted from more grains within the high individual grain weight range. (Figure 8) . The traits of superior and inferior grains changed with the release of wheat varieties (Figures 8-10 ). The weight of superior grains ranged from 40.6 µg in the Hanxuan10 release in 1966 to 59.7 µg in the Changhan58 release in 2004, with a mean of 49.8 µg grain −1 in 2011-2012 ( Figure 8) . A linear increase in superior and inferior grain weight with the year of release was observed in 2012-2013 only, and the rate of increasing superior grain was 0.2 µg year −1 , while in the inferior grain was 0.089 µg year −1 (Figure 8) . Both the proportion and number of different grain types changed with the year of release, the proportion, and number of different grain types contributed to the increase in AGW in the modern varieties. The proportion of superior grains in the whole spike increased linearly with the year of 1940 1950 1960 1970 1980 1990 2000 Superior grain weight (μg) 35 Year of Release (year) 1940 1950 1960 1970 1980 1990 2000 Inferior grain weight (μg) 30 Year of Release (year) 1940 1950 1960 1970 1980 1990 2000 The proportion of superior grain weight in whole spike (%) Both the proportion and number of different grain types changed with the year of release, the proportion, and number of different grain types contributed to the increase in AGW in the modern varieties. The proportion of superior grains in the whole spike increased linearly with the year of
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Remobilized Dry Matter
There were differences in the remobilization of pre-anthesis stored dry matter to the grain as the year of release progressed from 1942 to 2004 in the Loess Plateau of China ( Figure 11 ). The two modern varieties Changwu134 and Changhan58 were able to use some pre-anthesis stored dry matter for grain filling in both seasons. In 2011-2012, the wetter cropping season, the contribution of pre-anthesis stored dry matter for grain filling was 374 (g m −2 ) in Changhan58 and 319 (g m −2 ) in Changwu134 (Figure 11 ). In 2012-2013, the dry season, the two modern varieties used less preanthesis stored dry matter to fill the grain than in 2011-2012 and most of the contribution to grain yield was from post-anthesis assimilates. There was no contribution of pre-anthesis stored assimilates to the grain yield of the other four old varieties in both seasons (Figure 11 ). The yield of these four varieties was reliant on post-anthesis assimilates and the contribution of post-anthesis assimilates to the grain yield of the oldest variety Bima1 was the lowest one in both seasons. 1940 1950 1960 1970 1980 1990 2000 The proportion of inferior grain weight in whole spike (%) 
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There were differences in the remobilization of pre-anthesis stored dry matter to the grain as the year of release progressed from 1942 to 2004 in the Loess Plateau of China ( Figure 11 ). The two modern varieties Changwu134 and Changhan58 were able to use some pre-anthesis stored dry matter for grain filling in both seasons. In 2011-2012, the wetter cropping season, the contribution of pre-anthesis stored dry matter for grain filling was 374 (g m −2 ) in Changhan58 and 319 (g m −2 ) in Changwu134 ( Figure 11 ). In 2012-2013, the dry season, the two modern varieties used less pre-anthesis stored dry matter to fill the grain than in 2011-2012 and most of the contribution to grain yield was from post-anthesis assimilates. There was no contribution of pre-anthesis stored assimilates to the grain yield of the other four old varieties in both seasons (Figure 11 ). The yield of these four varieties was reliant on post-anthesis assimilates and the contribution of post-anthesis assimilates to the grain yield of the oldest variety Bima1 was the lowest one in both seasons. 
Discussion
The differences in GY and yield components of the varieties were affected by the large differences in the precipitation and temperature in the two successive growing seasons. Precipitation during the first season was more than 50% during the second one, and most of it fell during the vegetative growth explaining the difference in AGBM between the two growing seasons. The 15.6 mm of rainfall that fell around anthesis in the first season was higher than the 4.2 mm that fell around anthesis in the second season, triggering a delay to anthesis in the first season. The precipitation during post-anthesis in the first season, which was twice that in the second season, delayed time to maturity. The average monthly temperature during the first season, which was slightly higher than in the second season also contributed to the differences in time to anthesis and maturity between the two seasons. The higher GY and AGBM in 2011-2012 than in 2012-2013 was also likely associated to the differences in the total and seasonal distribution of rainfall. The differences in precipitation, particularly during the vegetative growth, between the two cropping seasons, contributed to the difference in AGBM between the two cropping seasons. Across all varieties, the AGBM in 2011-2012 was 52% higher than in 2012-2013, reflecting the differences in rainfall and temperature between the two seasons. In the wet cropping season (2011-2012), more AGBM was accumulated, but in the dry season (2012-2013), less AGBM was accumulated, indicating that more precipitation contributed to more AGBM accumulation.
Aboveground biomass is one of the factors influence GY, but there are other factors also involved in the generation of grain yield. Harvest index in 2011-2012 was 13% higher than in 2012-2013, compared with the influence of different seasons (different precipitation and average temperature), the influence of different precipitation and the average temperature was smaller than that in AGBM. Grain yield in 2011-2012 was 38% higher than in 2012-2013, mainly because the difference in climate conditions, which influenced, firstly the accumulation of AGBM, but then some varieties under 
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Discussion
Aboveground biomass is one of the factors influence GY, but there are other factors also involved in the generation of grain yield. Harvest index in 2011-2012 was 13% higher than in 2012-2013, compared with the influence of different seasons (different precipitation and average temperature), the influence of different precipitation and the average temperature was smaller than that in AGBM. Grain yield in 2011-2012 was 38% higher than in 2012-2013, mainly because the difference in climate conditions, which influenced, firstly the accumulation of AGBM, but then some varieties under different climatic conditions were able to shift the dry matter remobilization to the grain, influencing grain yield.
Although increases in GY with the year of release has also been shown in other studies [4, 5, 12, 27, 32] , we found a linear increase in GY over the period between 1942 and 2004 in the 2011-2012 in this study. The differences in rainfall and temperature between the two seasons induced differences in the traits that generate GY. More precipitation often enhances GY in most seasons, but in the drier season of this study, the modern wheat varieties yielded more than the old ones, indicating that modern wheat varieties were better adapted the drier seasons. This is likely that different grain yield traits have different ability to adapt to different climate conditions. In the wet cropping season of 2011-2012, the precipitation enhanced ABGM accumulation in all varieties, but in the dry season, the modern varieties used less water during vegetative growth and more water after anthesis, increasing grain weight [49] .
In the wetter season of 2011-2012, the increase in GY was parallel to the increase in AGBM accumulation, HI, AGW, and the decrease in plant height. In the drier season of 2012-2013, the increase in GY was parallel to the increase in HI and AGW. During the last few decades, the annual precipitation in the Loess Plateau has decreased at a rate of 3 mm decade −1 as a consequence of climate change [14, 50] . Since the HI and AGW made a great contribution to the increase in grain yield in both seasons, a further increase in HI and AGW could be considered as potential traits for breeding under climate change.
Despite this enormous amount of biomass accumulated by older cultivars, the yield of modern winter wheat varieties was higher than in the older ones. Since climatic variability interacts with the process of cultivar selection, climate resilience of wheat must be better understood [51] . The winter wheat varieties released in the Loess Plateau of China from 1942 and 2004 had a progressive decrease in plant height and an increase in HI, which is consistent with the view that the efficiency of dry matter mobilization to the grain is higher in short than in tall plants [52] . The HI ceiling in wheat can be 60% [53] and the improved HI in varieties released for the Loess Plateau from 1942 and 2004, which maximum was 50% in Changwu134 in 2011-2012, indicates that there is still potential for further improvement in HI. Further reductions in plant height and improvements in the ability to use ABGM for grain yield are two potential opportunities to increase HI. However, the height of the modern high yielding varieties Changwu134 and Changhan58 (75 cm), is considered the optimum plant height [54] . So, little yield improvement may be expected from further reductions in plant height. Improving the ability to use ABGM for grain yield seems to be the achievable option to improve HI.
High photosynthesis efficiency is critical in improving grain yield in wheat [55] , particularly in the Loess Plateau, where water is limited. Increases in grain yield in the Henan and Yangtze River Basin Province of China, have been are associated to improvements in both the rates of net photosynthesis and remobilization of pre-anthesis stored assimilates to the grain [9, 27, 28] , but the contribution of photosynthesis to grain yield was low in varieties released from 1937 to 2004 in the Loess Plateau [56] . So the increase in grain yield, mainly comes from the capacity of using pre-anthesis stored assimilates or the ability to accumulate more current photoassimilates into the grain. Certainly, the modern wheat varieties had a high ability to use pre-anthesis stored assimilates.
Among the yield components, AGW was largely associated to the improvement in GY in the varieties released for the Loess Plateau from 1942 and 2004. This finding and the parallel decrease in SN is consistent with findings from previous studies [28, 56] . The introduction of dwarfing genes was associated with high GNS [57] , and three varieties with dwarfing genes had higher GNS in the 2011-2012 season and also higher AGW than varieties without dwarfing genes, which is in agreement agrees with a previous study [35] . Winter wheat cropping in the Loess Plateau of China, is characterized by the lack of irrigation, so crops grown under rainfed conditions [58] . Under these conditions, varieties decreased SN to regulate the GN and maintain a balance between GN and AGW. Since the competition between individual spikes for resources becomes strong as SN increase, particularly when the soil water availability is limited [59] , the decrease in SN with the year of release of the winter wheat varieties indicates that the individual competition between spikes was less.
The harvest index was enhanced by increasing the mobilization of photosynthates from source organs to sink organs, but the photostnthates in sink organs also could be enhanced by increasing the proportion of superior to inferior grains in the spike. The superior grains had higher activities of the source to starch enzymes, which contributed to great sink strength and resulted in higher grain weight in superior grain than in inferior grain [60] . In this study, both the weight of superior and inferior grains increased with the year of release in the winter wheat varieties released from 1942 to 2004 during the 2012-2013 season, but the annual rate of increasing grain weight in the superior grain was faster than in the inferior grain, reflecting a greater ability of the superior grains in obtaining photosynthates. The number of superior and inferior grains also influence the AGW, as the proportion of superior grain increased with the year of release, while the proportion of inferior grain decreased. An increase in AGW and GN was accompanied by a decrease in the proportion of grain with low potential grain weight and SN, which maybe belongs to the secondary spike tillers. This finding is congruent with the noncompetitive hypothesis [32] that the increase in AGW is a consequence of the decrease in secondary spike tillers and the proportion of grains of lower potential grain weight placed in a distal position within the spikelets and the spike. The low SN had consistently high water-soluble carbohydrates [61] and high water-soluble carbohydrates could provide enough carbon source for grain filling, and superior grains have high ability to convert carbohydrates to starch [62] , which may explain the grain weight in modern winter cultivars.
The increase in GY in the Loess Plateau of China, from 1942 to 2004 resulted mainly from the increase in AGW, reflecting the increased in the sink strength and grain growth [63] . Grain size in the present study was associated with the pre-anthesis dry matter remobilized to the grain, which was much higher in the wet season, reflecting an improvement in the efficiency that pre-anthesis dry matter contributed to grain yield. The increase in grain size with the year of release leads to an increase in grain yield, particularly because of more superior grains. More superior grains in the two modern varieties, Changhan58 and Changwu134, reflect a better ability of these varieties of providing photosynthates and remobilize assimilates to the grain, indicating an improvement in the strength of the sink. Adequate partitioning of photosynthates among plant organs is also crucial to ensure that plants with heavier grain yield [64] . The increase in the remobilization of pre-anthesis assimilates to grain offset the low contribution of leaf photosynthesis [56] to enhance the yield in Loess Plateau with the winter wheat replacement.
Conclusions
The GY has been significantly increased with the release of modern winter wheat varieties for the Loess Plateau of China. The increase in GY was associated with the increase in AGW and HI, and both traits can be considered as potential traits for the future winter wheat breeding. The increase in AGW was parallel with the increase in the proportion of superior grains and the reduction in the proportion of inferior grains. The reduction in the proportion of inferior grains was accompanied by the reduction in SN and the increase in GNS. Modern varieties had more superior grains across the whole spike because both the fertility of distal and middle position of grains were improved and the use of pre-anthesis stored dry matter for grain filling increased. The increase in AGW mainly resulted from the increase in both the proportion of superior grains and sink strength, which improved grain yield. Attention should be focused on improving the capacity of the source if further yield increases are targeted for wheat growing in the Loess Plateau of China.
